to HCV-positive mothers are at particular risk of HCV infection. Africa is hyperendemic with respect to viral hepatitis B and C infections, with a prevalence of detectable HCV viral load of 62.3% in HCV-positive pregnant women. Infected mothers have a high potential for transmission to their children. 1 Screening for the presence of HCV, with selection of individuals on the basis of demographics, possible exposure, high-risk behavior, and medical conditions, is very important. Screening is justified by high HCV prevalence in particular populations, the association of treatment with a reduction of the risk of hepatocellular carcinoma and of all-cause mortality, and the public-health benefits of limiting HCV transmission by early treatment, viral clearance, and modification of risk behaviors. 2 Prenatal diagnosis of hepatitis C virus has a dual benefit for mother and child. HCV screening should be performed in all pregnant women to diagnose an unacknowledged infection by the mother which could, with new treatments available today, be eradicated or, definitely, allow a better quality of life. Furthermore, screening during pregnancy discloses an exposure of the newborn, previously unknown, to the virus.
If the screening gives a positive response, prompt immunoprophylactic measures and close follow-up after the birth, are mandatory.
The aim of the paper is to review the current information relating to the diagnosis and treatment of HCV infection in pregnant women and in children, particularly those infected by MTCT. We have evaluated the existing knowledge relating to HCV treatment in children and pregnant women and outlined the evidence that currently supports the clinical decision-making.
Materials and Methods
The systematic review will include relevant articles on HCV infection in pregnant woman, mother to child transmission of HCV, and HCV infection in pediatrics.
This work has been done to detect and eliminate incorrect behaviors or to adopt virtuous behaviors, for proper management of HCV infection, in these two particular sets of patients.
An electronic search of the literature relating to HCV infection and treatment was performed within the PubMed, Scopus, and Web of Science databases, using the following keywords: "HCV," "pregnant women," "pregnancy," "children," "MTCT," "screening," and "direct-acting antivirals." First "HCV" was matched with the other terms, then "children" and "direct-acting antivirals" were matched with the others terms. All the best matches were included.
Articles published between January 2015 and March 2019 inclusive were searched.
Additional publications were identified by manually searching within reference lists of the retrieved articles. Among the identified studies concerning the treatment of hepatitis C in pregnancy and in children, all titles and abstracts were reviewed, and appropriate papers were assessed for inclusion. Case reports, editorials, unpublished data from conference abstracts, studies not written in English, and irrelevant studies were all excluded.
We used a scale for assessing the quality of published nonrandomized studies in meta-analyses, called the Newcastle-Ottawa-scale. We used the Newcastle-Ottawa Quality Assessment scale for cohort studies with three groups of items: selection, comparability, and outcome for assessing the quality of published nonrandomized studies in meta-analyses. For each item a series of response options are provided. A final set of 65 recent publications describing prospective, controlled studies, reviews or meta-analyses with a relevant number of patients was included, as shown in ►Fig. 1.
The objectives of the study were to search for data and to provide updated information on the epidemiology and clinical problems relating to the treatment of HCV infections in pregnant women (primary objective) and individuals <18-years old (secondary objective).
The results of the evaluation of the different studies will be summarized in two sections describing separately the screening and effective treatments in pregnant women and children.
Results

Treatment of Pregnant Women with HCV Infection
The prevalence of HCV infection is on the rise among young adults, including women of childbearing age, 3 and the screening of pregnant women is becoming increasingly important. 4 The prevalence of serum anti-HCV antibodies in pregnant women has been estimated in studies of large cohorts to be 0.1 to 3.6%. 5 From 2011 to 2016, among women of childbearing age in the United States, HCV testing increased by 39%, and positivity increased by 36%. 6 The introduction of routine screening for pregnant women has led to the increased detection of HCV in women who do not present with infection risk factors. In Poland, the introduction of routine screening in 2010 was associated with an increase in the percentage of HCV-positive women who were diagnosed during pregnancy (as opposed to before or after pregnancy). 7 Compared with universal screening of pregnant women, risk-factor-based screening is not effective. 8 Vertical transmission of HCV occurs in 5 to 15% of pregnant women infected with the virus. MTCT progresses in 3 to 5% of cases toward chronic infection in children. 9 Breastfeeding is not a risk factor for HCV MTCT. 10 However, it is important that HCV-infected women who breastfeed abstain from doing so while their nipples are cracked, damaged, or are bleeding, and if they have human immunodeficiency virus/HCV coinfection.
HCV vertical transmission in intracytoplasmic sperm injection, seemed to be of low incidence in polymerase chain reaction (PCR) positive women, while in case of HCV PCR negative/seropositive women, it appeared completely absent. 11 Hepatitis C virus infection is frequent in HIV-infected persons. Unlike coinfection with HIV and hepatitis B virus (HBV), which does not affect the risk of prenatal complications, in case of coinfection with HIV and HCV there is a higher percentage of complications of pregnancy compared with HIV infection only. These coinfections are associated with adverse pregnancy outcomes with higher risk of obstetrical complications. Emergency cesarean section, preeclampsia, stillbirth, very preterm delivery, and very low birthweight are described. 12 HCV infection remained strongly associated with cholestasis and preterm birth. The incidence of preterm birth is statistically significant (1.6 and 5.7% of cases). 12 HCV ribonucleic acid (RNA) levels can fluctuate during pregnancy and the postpartum period, 13 most likely as a result of the release of tolerance in HCV-specific T-lymphocyte responses that develop during pregnancy.
HCV-infected patients should be treated with antiviral therapy, with the goal of achieving a sustained virologic response (SVR), preferably early in the course of chronic HCV infection, prior to the development of severe liver disease and other complication. Achievement of SVR prevents additional HCV-related liver damage 14 and is associated with >70% reduction of the risk of hepatocellular carcinoma (HCC), and 90% reduction of the risk of mortality and liver transplantation. 15, 16 SVR is positively associated with quality of life, 17 as indicated by physical, emotional, and social health status. 18, 19 The safety of direct-acting antivirals (DAAs) administration during pregnancy, including possible effects on fertility, is not yet known. 20 If women become pregnant while receiving DAAs therapy (with or without ribavirin), their physicians should discuss with them the risks and benefits of continuing treatment. In this regard, in a survey of 141 women with a history of HCV, 60% indicated a willingness to take antepartum DAAs therapy to lower the risk of MTCT. 21 By contrast, only 21% were willing to take DAAs therapy during pregnancy for self-cure even if it did not affect MTCT, although among the women who were not willing to do so, 20% responded that they might change their minds if more data were available for human trials regarding the use of DAAs during pregnancy. Having a previous history of taking DAAs was associated with a willingness to take DAAs during pregnancy.
Serum levels of alanine aminotransferase (ALT) decrease during the first and third trimesters of pregnancy and increase after childbirth, whereas levels of HCV RNA increase during the first and third trimesters and decrease after delivery. These changes probably result from the immunosuppressive effects of pregnancy.
Maternal HCV infection is associated with high risk of adverse perinatal outcome. 22 Studies reported a higher incidence of intrauterine fetal death (3.4%), small for gestational age (11.3%), low birthweight (12,5%), or very low birthweight. 23 There are also reported low Apgar score at 5 minutes, admission to the neonatal intensive care unit, up to an increase in neonatal mortality. 24 Among the complications described in the obstetric outcome, between HCV positive females we find: higher rate of cesarean section and in vacuum delivery, higher rates of pre and postpartum hemorrhagic anemia, premature rupture of the membranes, blood transfusion. Gestational diabetes, hypertension, and a greater number of hospitalizations are described.
Preterm birth, low birthweight, and congenital anomalies seem to be caused by virus infection. We must not forget, however, that other concomitant risk factors, such as alcohol and drugs, can generate the same effects. [25] [26] [27] The incidence of intrahepatic cholestasis of pregnancy (ICP) is higher in pregnant women with HCV infection than in those without infection, 28 and ICP is associated with high rates of adverse maternal and fetal outcomes. 29 Furthermore, pregnant women with cirrhosis are at high risk for poor maternal outcomes (preeclampsia, caesarean section, hemorrhagic complications and death) and neonatal outcomes (preterm delivery, low birthweight and neonatal death). [30] [31] [32] elevated antibody titer in newborn serum is not indicative of neonatal infection. To diagnose HCV infection in children the PCR, for the detection of HCV RNA, is the choice test.
The American Academy of Pediatrics and Center for Diseases Control recommends screening of infants born to HCVpositive women for anti-HCV Ab after 18 months of age. Diagnosis can be anticipated with two positive results of HCV RNA research in patients >1 month of age. 33 It has been estimated that approximately 5 million children worldwide have an active HCV infection. Results from the National Health and Nutrition Examination Survey indicated that 0.2% of 6 to 11-year-olds and 0.4% of 12 to 19-yearolds are chronically infected with HCV. 34 From 2011 to 2016 in the United States, HCV testing among children increased by 25% (from 0.47 to 0.59%), and positivity increased by 13% (from 3.6 to 4.0%). 7 The main risk factors for HCV infection in children are tumors, transfusions, and related treatments, 35, 36 and having a mother with HCV infection. 37 The risk of MTCT of HCV is associated with maternal HIV coinfection, and with maternal HCV RNA levels. Avoiding the use of fetal scalp electrodes and iatrogenic birth trauma can reduce HCV MTCT. 38 Approximately 25 to 50% of infected children spontaneously resolve HCV infection from 3 years of age for previously detectable HCV RNA loss. 39 Perinatally infected children develop cirrhosis at a far earlier age than those who acquire HCV as adolescents through other means. 40 The detection rate of perinatal HCV is low because of a lack of screening, slow onset of symptoms, and poor adherence to the requirement for 18 months of follow-up after birth. 41 Although serum aminotransferase levels are often elevated, children <3 years of age with HCV infection do not have advanced liver disease.
The staging of hepatitis C in children can be achieved through objective examination and the evaluation of routine laboratory parameters, including albumin, serum aminotransferase levels, total bilirubin, international normalized ratio, and platelet counts, every 6 to 12 months. Serum fibrosis markers can enable assessment of disease severity, but their utility requires further confirmation. 42 Serum aminotransferase levels often do not reflect the severity of the disease in children, who might, for instance, have a normal aminotransferase level, despite a biopsy revealing significant necroinflammation. Hepatic histology remains the gold standard as a prognostic tool, as it can provide information on the progression of liver disease, but liver biopsy has some limitations: is an invasive examination, there may be sampling errors and interobserver variability.
To overcome these limitations, new methods based on imaging studies assisted by combinations of biomarkers, are preferred. 43 Ultrasonographic liver elastography in children requires the use of specialized probes and threshold values for advanced fibrosis/cirrhosis that differ from those used in adults; nevertheless, this approach seems promising for the monitoring of children with chronic HCV infection. 44 The progression of fibrosis in children with HCV infection is slow, with low levels of advanced liver disease observed up to 20 years after MTCT. However, children with comorbidities such as obesity with nonalcoholic fatty liver disease and those receiving hepatotoxic drugs should be monitored closely for disease progression. 45, 46 HCC is rarely found in children, and among them it has been reported almost exclusively in children with cirrhosis. Children with chronic HCV infection and a history of childhood leukemia may be at a higher risk of developing HCC. 47 Endoscopy is necessary to detect esophageal varices in children with cirrhosis.
The treatment of HCV infection in children has rapidly evolved away from interferon regimens and toward DAAs that have safer and more efficacious drug profiles. 48 While we still await the results of the first vaccine efficacy study, DAA regimens are now available for children 12-years old. 49 In 2017, the U.S. Food and Drug Administration (FDA) and the European Medicines Agency (EMA) approved a fixeddose DAA combination of sofosbuvir and ledipasvir, as well as the combination sofosbuvir plus ribavirin, for the treatment of adolescents (12-17-years old) with chronic hepatitis C. 50 Preliminary results on the use of DAAs in pediatric patients are available for the fixed-dose combination sofosbuvir and ledipasvir in children aged 6 to 17 years for genotype 1 or 4 infection. 51, 52 In HCV-infected 12 to 17year-olds who received oral fixed-dose combinations of sofosbuvir and ledipasvir daily for 12 weeks, tests for HCV RNA gave negative results in all patients at weeks 8 and 12 and at SVR12. 53 In these patients, asthenia was the most common adverse effect, followed by headache. No symptoms related to the cardiovascular system or cases of symptomatic bradycardia/syncope were reported. 54 The FDA and the EMA have also approved a combination of sofosbuvir plus ribavirin for adolescents 12 to 17-years old with genotype 2 or 3 HCV infection, as well as a combination of ombitasvir, paritaprevir, and ritonavir with or without dasabuvir and with or without ribavirin for adolescents 12 to 17-years old with genotype 1 or 4 infections, and a combination of sofosbuvir plus daclatasvir for children with genotype 4 infection. The safety and efficacy term of the sofosbuvir plus daclatasvir combination has been demonstrated in 8 to 18-year-olds with genotype 4 HCV infection. 55 On April 30, 2019, the FDA approved the combination of glecaprevir and pibrentasvir for the treatment of 12 to 17year-olds who are infected with any of the six identified HCV genotypes, either without cirrhosis or with compensated cirrhosis. The safety and efficacy of glecaprevir-pibrentasvir in pediatric patients was evaluated in clinical trials of 47 patients with genotype 1, 2, 3, or 4 HCV infection without cirrhosis or with mild cirrhosis. These patients received glecaprevir-pibrentasvir for 8 or 16 weeks, and no virus was detected in the blood 12 weeks after finishing treatment. In pediatric patients with cirrhosis, a history of kidney and/or liver transplantation, or genotype 5 or 6 HCV infection, the safety and efficacy of glecaprevir-pibrentasvir are supported by the results of previous studies in adults. The adverse reactions observed (headache and fatigue) were consistent with those observed in clinical studies in adults.
Discussion
Both children and pregnant women have specific diseasemanagement strategies for HCV infection. Early identification and treatment of affected individuals can maximize health benefits.
Limited data are available on the burden of hepatitis C among pregnant women, indicating the need for further investigation of the role of therapy to treat HCV infection during pregnancy. To estimate the real prevalence of HCVinfected women during pregnancy, using a screening questionnaire to identify women at risk for HCV infection seems to be less effective than universal screening (HCV antibody test) for all pregnant women.
The widespread practices among young women at risk of HCV transmission require us to abandon the old concept of category at risk. As Kushner et al suggest we have to resign from risk-based screening because it has never been proven to be effective. 56 Moreover, recent models of Pharmacoeconomics suggest that the adoption of universal screening for HCV in prenatal care would have undoubted advantages on the outcome of mother, newborn and is a cost-effective practice. 57 In women of childbearing age who are infected with HCV, antiviral treatment prior to pregnancy can improve maternal health and eliminate the risk of MTCT. Prevention of MTCT is limited by the absence of universal guidelines for HCV screening during pregnancy. 58 A frequently observed trend associated with HCV infection consists of a steady rise in HCV RNA levels during pregnancy, followed by a decrease in the postpartum period, during which HCV RNA may become undetectable or return to prepregnancy levels. The possibility of spontaneous viral clearance should be monitored in all women who are evaluated for treatment with DAAs in the postpartum period. MTCT has been described only in HCV RNA positive women. 12 Pregnancy does not appear to have an adverse effect on chronic HCV infection. Breastfeeding is not a risk factor for HCV MTCT.
Obstetric care provider must remember that the association of HCV and HIV positivity is not uncommon. In the light of common risk factors, it is suggested to perform screening for other sexually transmitted diseases, including HIV, syphilis, gonorrhea, chlamydia, and HBV in all HCV-positive pregnant women.
The staff must be trained to carry out the same maneuvers that are performed in HIV-positive patients in the care of childbirth and newborn to avoid the transmission of viruses to the newborn baby and also to the health care staff. 59 Unlike most nosocomial infections, that are transmitted by staff hands, 60,61 transmission of HCV infection, in health care systems, can only occur in special close relationships with the patient's blood. Infected women HCV RNA negative does not appear to transmit disease in utero; however, internal fetal monitoring, prolonged membrane rupture, episiotomy are not recommended. 62 Amniocentesis must be preferred to chorionic villus sampling. Although it has not yet been clarified whether elective cesarean section can reduce the risk of HCV MTCT, elective cesarean delivery should be ethically justified to decrease global HCV transmission. 63 In the case of women with pre-existing antibodies but HCV RNA negative, artificial insemination may also be considered safe. Transmission cases have been described only in case of positive PCR (HCV RNA þ ). 11 Unlike what is supposed for pregnant women, for whom it is suggested to extend the detection of antibodies to all of them, among children it is considered useful to perform HCV testing for those who are in the categories with greater risk of infection (children with tumors, transfusions, and related treatments or having a mother with HCV infection).
Early diagnosis and treatment of childhood HCV infection is recommended, because of possible effects on cirrhosis and mortality in individuals who acquire HCV through MTCT. Perinatally infected children develop cirrhosis earlier than those who acquire HCV as adolescents. If HCV-exposed infants are not adequately screened many pediatric HCV infections remain undetected. 64 The best test to determine neonatal HCV positivity is serum HCV RNA assessment, because the persistence of maternal anti-HCV antibodies up to 18 months can produce false-positive results in antibody tests.
Following MTCT, negative HCV RNA test results for >6 months might be a more reliable proof of seroconversion. Newborns should be followed to rule out infection. The utility of obtaining a second RNA after an initial negative RNA performed after 2 months is uncertain, and its added value should be further assessed. 65 It has been suggested that children with these negative results could receive antiviral therapy when the HCV viral load rises substantially, even in the presence of normal ALT levels. Another point of view favors waiting in this situation, because hepatic inflammation might again revive the child's immunity and lead to seroconversion. 66 From full assessment of a child with HCV infection, other causes of liver disease must be excluded.
Tests for HBV, hepatitis A virus, and HIV immunity are essential to eliminate the possibility of coinfection and to identify any unimmunized children who may have not received routine childhood vaccination against HAV and HBV.
The early diagnosis and treatment of childhood HCV was recommended because cirrhosis and liver cancer occurred and significantly impacted mortality in individuals who acquired HCV through MTCT. Cirrhosis was the only risk factor that increased mortality in patients with childhood HCV infection.
Because there is no vaccine to prevent HCV infection, the clinical focus is primarily on treatment. Interferon-based regimens have limited success in children, especially those with genotype 1 or 4 HCV infection. 67, 68 Treatment with interferon and the nucleoside analogue ribavirin has specific general and pediatric toxicities (such as temporary growth impairment) that do not occur with DAAs regimens. 69 The FDA has approved glecaprevir-pibrentasvir as a treatment for HCV infections involving all six genotypes, but currently there are no approved treatment regimens for children <12 years of age).
Conclusion
Pregnant women infected with HCV carry an approximately 5% risk of transmission from mother to infant.
To improve public health, universal screening of pregnant women for HCV infection should be performed. Early identification of women and children with HCV infection is important to enable them to be included in assessment and/or treatment programs. Identification of individuals who are at risk of infection, combined with measures to reduce behavior that is likely to increase this risk, can benefit public health. The recent simulation model demonstrated that universal prenatal hepatitis C screening improves health outcomes in women with HCV infection, improves identification of HCV exposure in neonates born at risk, and is cost-effective.
Further observational studies on HCV infection in pregnant women and descriptions of successful treatments of HCV in children <12 years of age are needed to assess the occurrence of long-term complications in these populations.
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